The current farming system is heavily reliant on chemical fertilizers, which negatively affect soil health, the environment, and crop productivity. Improving crop production on a sustainable basis is a challenging issue in the present agricultural system. To address this issue, we assumed that the combined use of organic manure and inorganic nitrogen (N) fertilizers can improve rice grain yield and soil properties without the expense of the environment. This study explores the combined effects of cattle manure (CM), poultry manure (PM), and chemical fertilizer (CF) on soil properties, rice growth, physiology, and grain yield and quality. Six treatments in the following combinations were included: T 1 -no N fertilizer; T 2 -100% CF; T 3 -60% CM + 40% CF; T 4 -30% CM + 70% CF; T 5 -60% PM + 40% CF; and T 6 -30% PM + 70% CF. Results showed that across the seasons, treatment T 6 increased the net photosynthesis rate, total biomass, grain yield, and amylose content by 23%, 90%, 95%, and 10%, respectively, compared with control. This increment in net photosynthetic rate and growth was the result of 24%, 14%, 19%, and 20% higher total root length, root surface area, root volume, and root diameter, respectively. Improvements in these attributes further enhanced the grain yield and nitrogen use efficiency of rice. No significant difference between T 4 and T 6 was observed. The correlation analysis also confirmed that root morphological traits were positively correlated with grain yield, N uptake, and biomass accumulation. Similarly, improvement in grain yield and NUE was also associated with improved soil properties, i.e., bulk density, soil porosity, soil organic carbon, and total N under combined organic and inorganic N fertilizers treatment. Conclusively, the integration of 30% N from PM or CM with 70% N from CF (urea) is a promising option not only for higher grain yield and quality of rice but also for improved soil health. This study provides a sustainable nutrient management strategy to improve crop yield with high nutrient use efficiency.
turn has a positive correlation with N uptake, biomass production, and grain yield. The specific objective of the present research was to determine the most effective and economical combination of organic and inorganic N fertilizer to improve crop growth, N uptake, grain yield, and quality of the Zhenguiai cultivar.
Materials and Methods

Experimental Site and Weather Details
The experiment was performed at the experimental station of Guangxi University, Nanning, China (22 • 49 12" N, 108 • 19 11" E; 75 m) during the early season (March to July) and late season (August to December) of 2018. The climate is categorized as subtropical with a monsoon zone, with a mean annual precipitation of 1190 mm. The ranges of mean maximum and minimum temperatures are 30.9-36.7 • C and 23. 8-27.3 • C during the early season and 23.32-27.34 • C and 11.5-18.1 • C in the late the season. The early season received 660 mm rain fall, and the late season 335 mm. The range of average relative humidity is 78.5-86.6% in the early season and 72. .0% in the late season ( Table 1) . The soil (0-20 cm) is Ultisols, which is acidic with a 5.90 (H 2 O), comprising 17.0 g kg −1 organic matter, 1.35 g kg −1 total N (TN), 23.5 mg kg −1 available phosphorous (AP), 232.6 mg kg −1 available potassium (AK) with 1.37 g cm −3 soil bulk density (BD) ( Table 2 ). Note: SOC-soil organic carbon, SOM-soil organic matter, N-nitrogen, P-phosphorous, K-potassium, C:N-carbon to nitrogen ratio.
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Experimental Design and Field Management
An outdoor pot experiment was conducted during the early and late rice growing seasons. Soil was collected from the uppermost 20 cm layer of the experimental site. Plastic pots (29.4 cm width, 19 .4 cm depth, and 26.5 cm height) were filled after the soil was air dried and pulverized. Pots were arranged in a completely randomized design with 12 replications and placed under natural field conditions with 35 cm distance between them. In order to minimize experimental error, the size and weight of the soil samples were strictly controlled during the collection process, and it was ensured that the soil in each pot remained at the same volume and each pot received 15 kg of soil. Cattle manure (CM) and poultry manure (PM) were the organic sources and urea was used as the chemical fertilizer (CF). The study consisted of six treatments and the percentage composition of organic manure and CF was as follows: T 1 -no N fertilizer; T 2 -100% CF; T 3 -60% CM + 40% CF; T 4 -30% CM + 70% CF, T 5 -60% PM + 40% CF; and T 6 -30%PM + 70% CF.
Zhenguiai cultivar seeds were grown in plastic seedling trays, and two of the 25-day-old uniform size seedlings were transplanted per hill and two hills per pot. The recommended rate of NPK 300:150:300 (kg ha −1 ) was used and each pot received 0.90 g P 2 O 5 from superphosphate, 2.20 g KCl from potassium chloride, and 1.80 g N from both organic manure (PM or CM) and inorganic source urea. Nutrient content and amount for each treatment are shown in Table 3 . Nitrogen and potassium were applied in three splits, 60% as a basal dose, 20% at early tillering stage, and 20% at panicle initiation, whereas all P was applied as a basal dose one day before transplanting (Table 3 ). Cattle and poultry manure were collected the from the cattle and poultry farms located in Nanning city and uniformly mixed with soil 20 days before transplanting. The control pots received no N fertilizer, but they received P and K fertilizers, similar to N treated pots. Uniform flood water about 4 cm deep was continued from transplanting until physiological maturity. Throughout the growing season, standard agricultural practices, such as irrigation, insecticides, and herbicides, were done similarly for all pots during both seasons. 
Physical and Chemical Features of Soil and Organic Manure BeforeExperimentation
The physicochemical properties of the site and manure used in this experiment are shown in Table 2 . The soil of the experimental site was acidic in nature (pH 5.90), with high bulk density (BD) of 1.38 g cm −3 and lower organic matter (16.51 g kg −1 ), TN (1.35 g kg −1 ), AP (22.21 mg kg −1 ), and AK (230.50 mg kg −1 ). The pH of CM and PM was 7.75 and 7.95, respectively, indicating alkalinity. PM had higher organic C (164.20 g kg −1 ), N (12.85 g kg −1 ), and BD (0.77 g cm −3 ) than CM. The basic soil properties are presented in Table 2 . Initial soil and organic manure sub-samples were taken randomly, air-dried, and passed through a 2 mm sieve. Similarly, three replicated samples were taken from up to 20 cm depth for each treatment after harvest in both the early and late seasons to determine the changes in soil physical and chemical properties. Samples were air-dried at room temperature and separated into two sub-samples. The core method was used to determine soil bulk density (BD) [37] . The obtained soil BD was further used to calculate soil total porosity using the method in Equation (1) [38] :
where BD is soil bulk density and PS is particle density, assumed to be 2.65 mg m −3 . Soil moisture content was determined by the method described in [39] . Initially, air-dried soil was taken and passed through a 0.5 mm sieve, and the weight of tin (g) was taken as W 1 , then 1 g soil sample was taken along with then tin and weighed as W 2 . The soil samples were kept in an oven for 2 h at 105 • C to obtain a constant weight as W 3 . Soil moisture content (%) was determined by the following formula (Equation (2)):
The pHs of soil and organic fertilizer were determined after shaking the soil and manure with distilled water at a 1:2.5 (w/v) solid-to-water ratio for 1 h with the help of a digital pH meter (Thunderbolt PHS-3C, Shangai, China) [40] . For total organic carbon, sub samples were ground and again made to pass through a 0.25 mm sieve. Total organic carbon was determined by the method in [41] . Soil organic matter was measured by multiplying total organic carbon by 1.72. For total N (TN) analysis, 200 mg samples were weighted and digested using the salicylic acid-sulfuric acid-hydrogen peroxide method [42] , then TN was analyzed using the micro-Kjeldahl procedure [43] , and total phosphorous (TP) was tested using the ascorbic acid method [44] . Standard stock solution was prepared by dissolving KCl in distal water. Potassium was determined by using an atomic absorption spectrophotometer (Z-5300; Hitachi, Tokyo, Japan) after samples were digested. Available N (AN) was extracted from the soil samples using the hot water extraction method [45] . Furthermore, available P (AP) was extracted by Olsen's method with 0.5 m NaHCO3 solution adjusted to pH 8.5 [46] . Finally, available K (AK) was found from air-dried soil samples that passed through a 2 mm sieve. Then, transferred to a 100 mL polyethylene bottle, together with 50 mL of the ammonium acetate/acetic acid solution, AP was extracted by the method outlined in [47] .
Leaf Gas Exchange Attributes
The photosynthesis parameters, including net photosynthetic rate (Pn), stomatal conductance (g s ), transpiration rate (Tr), and intercellular CO 2 content (C i ), were determined attillering, heading, and milking stages during both the early and late seasons. For each pot, fully expanded flag leaves were selected for photosynthesis measurement using a portable photosynthesis system (Li-6400, Li-COR Inc., Lincoln, NE, USA). The measurements were done on a sunny day, from 09:30 to 12:30 under the following conditions: light intensity-1200 µmol m −2 s −1 ; air humidity-70%; CO 2 -375 µmol mol −1 ; and leaf temperature-28 • C.
Biomass and Nitrogen Accumulation
Samples were collected from each pot at tillering, heading, and maturity stages for the measurement of total biomass and N accumulation. These samples were divided into roots, stems, leaves, and panicles and then oven-dried at 85 • C. Total N content was determined according to the micro-Kjeldhal method [43] . Nitrogen use efficiency (NUE) was calculated using Equation (3): NUE = N uptake in fertilized pots − N uptake in unfertilized pots × 100 N applied (3)
Root Morphological Traits
Rice root morphological traits included total root length (m hill −1 ) (TRL), total root surface area (m −2 hill −1 ) (TRSA), total average root diameter (m −3 hill −1 ) (TARD), and total root volume (mm hill −1 ) (TRV). Root samples were taken from three hills of each treatment with an equal number of tillers, carefully cut the roots from plant and washed to remove soil dirt with running water. The measurements were done at tillering, heading, and maturity stages using an Epson Expression 10000XL scanner and root analysis software (WinRHIZO Prov. 2009c, Regent Instruments, Quebec, Canada). After scanning, root samples were dried at 75 • C for three days to measure root dry weight. Root-to-shoot ratio was determined by dividing root dry weight by shoot dry weight.
Growth, Yield, and Yield Components
Rice growth, yield, and yielding attributes were calculated for each treatment. The crop was harvested manually and then threshed by the thresher. Grain yield was expressed as grams per hill at 14% moisture content, while harvest index (HI) was determined as the ratio of grain yield to and to total biomass at maturity. Both hills were selected from each pot to obtain the agronomic traits, including plant height, number of tillers, flag leaf area, panicle length, number of spikelets (panicle −1 ), filled grain (%), and 1000-grain weight.
Nutritive Quality
After harvesting, rice grains were air-dried to up to 10-12% moisture content and flour was made from the milled rice for quality assessment. Amylose content was measured by the method in [48] . Protein content was found by total grain N content multiplied by a protein conversion coefficient of 5.95. Gel consistency was found by the method in [49] . For alkali spreading value (gelatinization temperature (GT)), six milled rice grains were soaked for 24 h in 10 mL potassium hydroxide of 1.5% and 1.7%. Scores of 2 to 7 were given: 2 meant no reaction (high gel temperature) and 7 meant low gel temperature [50] .
Statistical Analysis
Analysis of variance was conducted to test the differences in physiological, morphological, and grain quality attributes of rice using Statistics 8.1 analytical software. The collected data were first check for normal distribution and after following the assumptions. Data were analyzed in a completely randomized design using one-way ANOVA. Data (in percentage) were arcsine transformed to normalize the variables before analysis. For multiple comparison tests among the treatments of both experiments, the least significant difference (LSD) test at p < 0.05 was used to detect significant differences among the means. For correlation analysis, Pearson's linear correlation was used to evaluate the relationships between response variables.
Results
Physiochemical Properties of Soil
The combined application of CF with either cattle or poultry manure had a significant effect on soil physical and chemical properties (Tables 4 and 5) . Soil physical features, such as porosity (POR), moisture content (MC), and bulk density (BD), were recorded to be considerably varied in the soil after harvesting the rice during early and late seasons. The combined application of CM 60% + CF40% (T 3 ) significantly reduced soil BD by 7% and 13%compared with baseline soil during the early and late seasons, respectively, followed by pots with CM or PM application (30% + CF 70%; T 4 and T 6 ). Similarly, compared with sole urea application, T 3 increased soil porosity by 7.5% and 14.5%, and moisture content by 10% and 16%, followed by T 5 , T 4 , and T 6 during the early and late seasons, respectively. Soil chemical properties, including pH, SOC, SOM, TN, AP, and AK ratio were significantly different among the treatments at up to 15 cm depth post-harvest during both seasons ( Table 5 ). The combined application of CM or PM with CF significantly increased soil chemical properties compared to sole inorganic fertilizer treatment. Compared with sole urea fertilizer, T 3 increased soil pH by 6.2% and 8.4%, SOC by 17% and 33%, SOM by 17% and 33%, and soil TN by 20% and 35% during the early and late seasons, respectively. However, no significant differences were observed in T 3 and T 5 . The minimum values were observed in T 2 and T 1 . Similarly, T 3 enhanced soil AP by 10% and 17% and AK 22% and 64% compared with T 2 during the early and late seasons, respectively. T 5 was to be found statistically at par (p < 0.05) with T 3 .
Root Morphological Features
Rice root morphological attributes, including total root length (TRL), total root surface area (TRSA), total root volume (TRV), and average root diameter (ARD), were significantly different among N embedded treatments during the early and late season ( Table 6 ). Root morphological traits showed upward and downward trends throughout the growing season, higher at heading and lower at maturity. Root morphological traits showed the same behavior across the seasons, and the average increased in TRL, TRSA, TRV, and ARD by 22%, 17%, 28%, and 19%, respectively, observed in T 4 compared to control at maturity. T 2 and T 6 were found to be statistically non-significant with T 4 . Lower root morphological traits were noted in control pots during both seasons. The root-to-shoot ratio reflects plant growth and development and the coordination of the below-and-above ground parts of the plant. The root-to-shoot ratio of rice decreased gradually with the growth process ( Figure 2G -H). Compared with control, N embedded treatment increased the root-to-shoot ratio significantly during both seasons. Across the stages, T 3 treatment showed maximum root-to-shoot ratio during both seasons. T 3 was statically on par (p < 0.05) with all treatments except control. The results show that combined organic manure and inorganic fertilizer affected the root-to-shoot ratio. 
Leaf Gas Exchange Attributes
Photosynthesis traits, including net photosynthesis rate (Pn), transpiration rate (Tr), stomatal conductance (g s ), and intercellular CO 2 concentration (C i ), at the tillering, heading, and milking stages, were significantly influenced by N treatments during the early and late seasons ( Figure 1A -H). All traits showed a quadratic trend across growth, with maximum values at heading and lower values at the milking stage in both seasons. Across the seasons at the tillering stage, Pn was significantly higher in T 2 by 21%, while at the heading and milking stage, Pn was 23% and 19%, respectively, in T 6 compared with control. T 2 and T 4 were statistically similar (p < 0.05) to T 6 . The differences in Tr, gs, and Ci were non-significant among N embedded treatments and control at tillering, while at heading and milking stages they were found to be significantly higher than control during both seasons. Tr, g s , and C i were considerably higher by 24%, 30%, and 9% at heading and 7%, 23%, and 8% at milking stage in T 6 than control across the seasons. However, no significant differences were observed between the T 2 and T 4 treatments and T 6 .
conductance (gs), and intercellular CO2 concentration (Ci), at the tillering, heading, and milking stages, were significantly influenced by N treatments during the early and late seasons ( Figure  1A-H) . All traits showed a quadratic trend across growth, with maximum values at heading and lower values at the milking stage in both seasons. Across the seasons at the tillering stage, Pn was significantly higher in T2 by 21%, while at the heading and milking stage, Pn was 23% and 19%, respectively, in T6 compared with control. T2 and T4 were statistically similar (p < 0.05) to T6. The differences in Tr, gs, and Ci were non-significant among N embedded treatments and control at tillering, while at heading and milking stages they were found to be significantly higher than control during both seasons. Tr, gs, and Ci were considerably higher by 24%, 30%, and 9% at heading and 7%, 23%, and 8% at milking stage in T6 than control across the seasons. However, no significant differences were observed between the T2 and T4 treatments and T6. 
Biomass, Nitrogen Accumulation, and NUE
Dry matter production and N uptake, which reflect the growth and metabolic ability of a crop, conclusively control the economic yield. Biomass and N accumulation increased progressively with improved growth and attained the highest weight at maturity. Biomass and N accumulation (NA) differed significantly between control and N embedded treatment (Figure 2A-D) . The differences among treatments showed a similar trend for both seasons. Sole urea application (T 2 ) resulted in a higher biomass (18.14 g hill −1 and NA 0.38 g hill −1 ) at the tillering stage across the seasons, while at heading and maturity, there was maximum biomass accumulation (43.32 and 66.22 g hill −1 ) and NA (0.43 and 0.67.56 g hill −1 ), respectively, in T 6 across the seasons. In-addition, T 2 and T 4 were statistically comparable with T 6 . The lowest biomass and NA were observed in control, followed by T 5 and T 3 , during both seasons. Co-applied organic and inorganic fertilizer had significantly increased nitrogen use efficiency (NUE) compared with sole inorganic fertilizer application. Among the treatments, T 6 showed higher NUE by 43.5%, followed by T 4 at 42.8%, across the seasons (Figure 2E-F) . Similarly, T 3 and T 5 also increased the NUE, and lower NUE was noted in sole urea fertilizer treatment during both seasons.
CO2 content. T1: no N fertilizer, T2: 100% CF, T3: 60% CM + 40% CF, T4: 30% CM + 70% CF, T5: 60% PM + 40% CF, T6: 30% PM + 70% CF.
Dry matter production and N uptake, which reflect the growth and metabolic ability of a crop, conclusively control the economic yield. Biomass and N accumulation increased progressively with improved growth and attained the highest weight at maturity. Biomass and N accumulation (NA) differed significantly between control and N embedded treatment (Figure 2A-D) . The differences among treatments showed a similar trend for both seasons. Sole urea application (T2) resulted in a higher biomass (18.14 g hill −1 and NA 0.38 g hill −1 ) at the tillering stage across the seasons, while at heading and maturity, there was maximum biomass accumulation (43.32 and 66.22 g hill −1 ) and NA (0.43 and 0.67.56 g hill −1 ), respectively, in T6 across the seasons. In-addition, T2 and T4 were statistically comparable with T6. The lowest biomass and NA were observed in control, followed by T5 and T3, during both seasons. Co-applied organic and inorganic fertilizer had significantly increased nitrogen use efficiency (NUE) compared with sole inorganic fertilizer application. Among the treatments, T6 showed higher NUE by 43.5%, followed by T4at 42.8%, across the seasons ( Figure  2E-F) . Similarly, T3 and T5 also increased the NUE, and lower NUE was noted in sole urea fertilizer treatment during both seasons. 
Growth, Yield, and Yield Attributes
Combined manure and synthetic fertilizer application had a significant effect on crop growth, grain yield, and yield components of rice during both seasons (Table 7) . Growth attributes such as plant height (cm), flag leaf area (cm 2 ), and panicle length (cm) were considerably varied at physiological maturity. In both seasons, T 6 and T 4 produced maximum growth traits compared with control. At maturity, T 6 had greater plant height by 14%, flag leaf area by 34% and panicle length by 16% than control across the seasons. T 2 and T 4 were statistically at par (p < 0.05) with T 6 . Compared to control, T 6 had increased tillers by 61%, filled grains by 15.5%, and 1000 grain weight by 23% during both seasons. No significant difference was observed between T 4 and T 6 . The highest grain yield (45.4 and 43.5 g hill −1 ) and biological yield (90.2 and 86.6 g hill −1 ) were achieved in T 6 during early and late seasons, respectively. T 4 was statistically non-significant with T 6 . PM or CM at 30% + CF 70% increased grain yield by 10% over sole urea fertilizer across the seasons. 
Nutritive Quality
Nutritive quality is a primary feature of rice, including amylose content (AC), protein content (PC), gel consistency (GC), and alkali spreading value (GT). In the N embedded treatment, a significant increase in the nutritive quality of rice was observed except GT across the seasons. Differences in nutritive quality are shown in Figure 3A -D. Compared with control, T 6 increased AC and PC by 10% and 32% across the seasons. However, T 2 and T 4 were statistically comparable with T 6 . Compared to control, GC was found to be significantly higher and statistically comparable in all treatments during both seasons. No significant differences in GT were observed among the treatment during both seasons. significant increase in the nutritive quality of rice was observed except GT across the seasons. Differences in nutritive quality are shown in Figure 3A -D. Compared with control, T6 increased AC and PC by 10% and 32% across the seasons. However, T2 and T4 were statistically comparable with T6. Compared to control, GC was found to be significantly higher and statistically comparable in all treatments during both seasons. No significant differences in GT were observed among the treatment during both seasons. 
Correlation Analysis of Root Morphological Traits with Yield, N Uptake, and Biomass
The relationship of rice root morphological attributes with yield, N uptake, and dry matter accumulation is presented in Table 8 . Correlation analysis results were significant for root morphological features with yield, N uptake, and total dry mater across the growth stages. At heading and maturity stage, TRL, TRSA, TARD, TRV, and root dry weight (RDW) were positively correlated with yield, N uptake, and dry matter accumulation, whereas at the tillering stage, all traits, except for TARD with yield and N uptake, were highly correlated with yield. All other root traits were positively correlated with total dry matter except TRV and TRL. These results indicate that increments in rice yield, N uptake, and dry matter production directly depend on root growth. 
The relationship of rice root morphological attributes with yield, N uptake, and dry matter accumulation is presented in Table 8 . Correlation analysis results were significant for root morphological features with yield, N uptake, and total dry mater across the growth stages. At heading and maturity stage, TRL, TRSA, TARD, TRV, and root dry weight (RDW) were positively correlated with yield, N uptake, and dry matter accumulation, whereas at the tillering stage, all traits, except for TARD with yield and N uptake, were highly correlated with yield. All other root traits were positively correlated with total dry matter except TRV and TRL. These results indicate that increments in rice yield, N uptake, and dry matter production directly depend on root growth. Table 8 . Correlation coefficients of yield, N uptake, and biomass accumulation with root morphological features at different growth stages under organic and inorganic fertilizer application. Note: Till-tillering, Head-heading, Mat-maturity, N-nitrogen, TRL-total root length, TRSA-total root surface area, TARD-total average root diameter, TRV-total root volume, and TRDW-total root dry weight. ns-non-significant, * and ** represents statistical significance at p < 0.05 and p < 0.01, respectively. The data were averaged over both seasons, treatments showed the same behavior across the seasons.
Root Correlation Coefficients between
Discussion
The current agricultural system heavily depends on chemical fertilizers, which negatively affect soil health, environment, and crop productivity [4, 5, 51] . In order to improve soil quality, crop production, and quality on a sustainable basis, chemical fertilizer management has recently become an essential aspect of today's research [10, 52] . Organic fertilizer can improve soil health, but its sole application could not meet the plants requirements in a short time due to its low nutrient content and slow release rate of plant nutrient's [22, 52] . Thus, the objective of this study was to determine the effect of a combined application organic manure and synthetic fertilizer on rice growth, physiology, yield, and quality, and soil properties. In the present study, the combined application of cattle and poultry manure with inorganic fertilizer significantly improved paddy soil physicochemical properties (Tables 4 and 5 ). The increased soil physical properties indices in the combined application of organic and chemical fertilizer might have been allied with the effect of soil organic matter, which improved soil fertility and pore structure, transportation, and storage traits. Organic manure coupled with mineral fertilizer has been generally accepted as an effective means of enhancing microbial activity, soil aggregation, structure, and water retention capacity [53, 54] . Moreover, in this study, differences in SMC could be due to differences in BD between treatments, because higher BD decreased the spaces where water could be retained. A similar finding was stated by Mahmood et al. [54] , who reported that manure application reduced BD, and increased soil porosity and water holding capacity.
Soil chemical properties, including pH, SOC, SOM, TN, AP, and AK, were significantly increased in combined treatment compared with baseline soil properties in the current work ( Table 5 ). We observed that the decomposition of manure slowly released nutrients to the soil and showed that increasing the organic manure amount from 30% to 60% improved soil chemical properties. In the current study, sole chemical N fertilization reduced soil pH, while combined treatment significantly enhanced soil pH. A possible explanation for this is that organic manure affects soil acidity, because it often contains sufficient basic cations and carbonate ions to neutralize the acidification effect [55, 56] . Furthermore, the alkaline nature of manure is one of the main reasons for the increasing soil pH [27] . The SOC concentration in the surface layer increased significantly under the combined manure and mineral N treatment (Table 5 ). In fact, the SOC at any given location largely depends on the annual turnover of organics, root and shoot stubbles, and root exudates, and their recycling [22, 26] . The significant increment of SOC in this study could be associated with the positive effects of organic manure application. The SOC change rate is derived from both direct C input from manure and indirect C input from incremental crop biomass return to the soil, such as root and crop residue [2] . Our results are in accordance with Purakayastha et al. [57] , who reported that combined manure and inorganic fertilizer enhanced SOC by 1180% and soil TN by 56-92% in top soil. Additionally, manure in combination with mineral fertilizer significantly improved the nutrient status of soil (Table 5) , tested after harvest in both seasons in the present work. This enhancement in soil nutrient's (NPK) was obviously associated with organic manure (cattle or poultry) absorbing more leachate generated during the process, which resulted in enhanced water holding capacity, reduced nutrient leaching, and consequentially more available N, P, and K .
The favorable effects of organic manure on soil N supply have already been documented [22] [23] [24] . In this investigation, the highest increase in available P under combined CF, CM, and PM treatment, as shown in Table 5 , was very much expected under regular P addition through fertilizer, as cereal crops utilize only a fraction of the applied P [59] . Manure supplies a huge amount of P to soil, and decreases the fixation of applied P in the soil, resulting in increased competition of organic molecules with PO 4 3− ions for P retention sites under combined treatment, which could be another explanation for this finding [60] . The leaching loss of potassium (K) with percolating water is one of the major reasons of K removal from the rhizosphere, especially under irrigated ecology. The greater K fixing ability of illite-dominant soil is the main reason for the decrease in available K in soil [61, 62] . On the other hand, the higher available K content under combined manure and mineral treatment in the current study may be ascribed to the release of organic acids during decomposition, which generates negative electron charges in the soil with a preference for di or tri valent cations, such as Al 3+ , Ca 2+ , and Mg 2+ , leaving K + to be absorbed by negatively-charged soil colloids [63] . This phenomenon might help to reduce K fixation and enhance its availability in soil.
Photosynthesis is the main driver of crop production by improving plant growth and biomass production [64] . Photosynthesis showed a strong response to water and N-supply and uptake [59] . In the present study, the Pn, Tr, g s , and C i were found to be higher under N treatment compared with control ( Figure 1A-G) . The increase in photosynthesis indices under organic manure coupled with inorganic fertilizer treatment might be allied to the faster release of nutrients from mineral fertilizer increasing the photosynthetic capacity at early growth, while the slow and gradual release of nutrients from organic manure throughout the growing season enhanced photosynthetic ability, especially at the grain filling stage [65] . A sufficient water and nitrogen supply will decrease water soluble nutrients, and stress producing root-sourced signal (ABA) leads to stomatal opening and improved leaf water potential and physical activity in leaves [66] . From the present results, we demonstrated thatthe combined manure and mineral fertilizer treatment improved soil fertility and root growth ( Table 6) , which ultimately boosted the root's ability to absorb water and nutrients, leading to enhanced stomatal conductance, which enhanced the leaf gas exchange attributes and CO 2 fixing prior to the heading and milking stages.
In the current study, sole mineral fertilizer treatments considerably improved biomass and N uptake at the tillering stage, whereas at the heading and maturity stages organic manure coupled with inorganic treatments significantly enhanced biomass accumulation and N uptake across the seasons, compared with control (Figure 2A-D) . This may be because manure decomposition at early growth did not provide sufficient nutrients for plant growth as compared to inorganic fertilizer. Moreover, chemical fertilizers release nutrients rapidly, which makes them easily available to plants at early growth, while the slow and steady release of nutrients from organic manure provides sufficient nutrients throughout growth, particularly at the grain filling stage [67] . In this study, taller plants, larger stem girth of plants, and broad leaf areas were produced under combined fertilization compared to sole urea application (Table 7) , which ultimately positively correlated with biomass. Similar to our study, Mehasen et al. [68] stated that the co-applied use of manure and chemical fertilizer sustained soil fertility and improved nutrient uptake and plant growth. We observed in this study that organic manure and inorganic amendments significantly increased NUE in all pots, particularly where we applied 30% CM or PM and 70% CF compared to sole urea fertilization. This could be attributed to higher N uptake in manure embedded treatments in the present study ( Figure 2E-F) . Moreover, organic manure application enhanced the nutrient preserving capability of the soil and reduced N leaching [69] . N recovery was higher in the late season than early under combined CM or PM with urea in the present study. This may be due to organic manure fertilization having a residual effect on later crops [70] .
As an essential part of the plant organs, rice roots are involved in gaining water and nutrients, synthesizing organic acids, amino acids, and plant hormones [70] . Root morphological and physiological features are closely associated with soil nitrogen acquisition and the development of plants [71] [72] [73] . In the current study, compared with control, sole urea application significantly enhanced root growth at the tillering stage, while at heading and maturity; combined amendments notably increased the total root length, surface area, average diameter, and total root volume ( Table 6 ). This could be ascribed to the faster and easier intake of nutrients from mineral fertilizer compared with organic manure at the early growth stage [74] . In contrast, at heading and maturity, the combined treatment enhanced the root morphological traits significantly compared to sole urea application. A possible explanation for this that is the inspiring effect of both mineral and organic manure fertilizers on root morphology is probably linked to soil physicochemical properties (sufficient nutrient availability, maintained soil moisture content) (Tables 4 and 5), that delay root senescence due to the slow and regular release of nutrients from manure across growth, thus ultimately improving root growth and activity in the present study. Similarly, a previous study reported that manure fertilization can enhance soil physicochemical properties and the conservation of nutrients and promote plant growth by improving root morphological traits [70] .
The application of organic manure with synthetic fertilizer significantly increased growth, yield, and yield components of rice in the present experiment, as shown in Table 7 . Compared with control, taller plants, wider leaf areas, more productive tillers, longer panicles, and maximum filled grain percentage and grain yield were noted in coupled organic and mineral fertilizer treatment (Table 7) . This might be due to the improved soil fertility under combined treatment in this study (Tables 4  and 5 ), which ultimately improved root growth, nutrient uptake, and leaf photosynthetic capacity by providing sufficient macroand micronutrients from manure and chemical fertilizer throughout the growth period. Our results are also in line with those of Mangalassery et al. [75] , who pointed out that the use of manure integrated with chemical fertilizer increased the growth and yield of rice significantly compared to the sole use of chemical fertilizer. The roots are the main source of nutrients supplied to shoots. Hence, roots and shoots are reciprocal to each other [76] . In the present study, total root length was positively correlated with grain yield (0.94 **) and biomass (0.98 **) under combined fertilization, as shown in Table 8 . This could be because together, manure and mineral fertilizer improved soil fertility (nutrient availability) throughout the growing season, especially at the later period, which ultimately enhanced root growth and allowed more nutrient uptake for higher photosynthesis activity, resulting in maximum crop growth and biomass production [77, 78] .
The current study was on rice, especially focused on the amylose content (AC). AC influences the eating and cooking quality of rice noodles; high AC means good eating quality [73] . In this study, combined organic and inorganic treatment produced higher AC compared with sole urea application, as shown in Figure 3A . In addition, protein content (PC) in the grain affects the amount of water absorbed during cooking, which determines the texture of the rice [79] . The differences in the nutritive quality of rice were shown in Figure 3A -D. The observed increment in AC and PC under combined amendments suggests that both fertilizers provide sufficient amounts of macro and micronutrients, particularly N, which is very important for growth and development throughout the season. Moreover, the activity of the starch branching enzyme affects the amylose and protein content of rice during grain filling [80] and glutamine is the key enzyme for protein synthesis, which finally affects the grain nitrogen content [81, 82] . Another possible reason that higher AC and PC under combined treatment improved the activity of glutamine synthesis during the grain filling stage may be the sufficient availability of N at later stages. A similar observation was reported by Kumar et al. [28] , who noted that manure coupled with synthetic fertilizer enhanced grain quality and amylose content by 7% as compared with sole synthetic fertilization. Gel consistency (GC) and alkali spreading value (ASV) are quality parameters responsible for the texture of rice cooking quality [83] . Moreover, ASV is an indirect indicator of gelatinization affecting temperature, which affects the cooking quality [84]. Our results demonstrate that the application of manure maintains nutrient availability, especially at grain filling, which ultimately improves the GC and ASV of rice.
Conclusions
In this study, organic manure coupled with inorganic fertilizer significantly influenced soil physiochemical properties, growth, physiology, grain yield, and quality attributes of rice. Cattle and poultry manure in combination with chemical fertilizer at a 30:70% ratio significantly enhanced rice growth and leaf gas exchange attributes by improving root morphological traits (root length, surface area, diameter, and volume) and NUE. Improvements in these parameters further increased the grain yield and nutritive quality (amylose content, gel consistency, and protein content) of rice. The increased NUE was the result of improved soil physical (bulk density, porosity, moisture content) and chemical (soil pH, soil organic carbon, total N, available phosphorous and potassium) properties under combined organic and inorganic fertilizers application. In addition, grain yield, N uptake, and biomass production were positively correlated with total root length, root average diameter, root surface area, and root volume during the heading and maturity stages. Conclusively, combining the application of
